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Brief description of the drawings 

Fig. 1 is a partial cutaway perspective view describing the 
present invention. Fig. 2 and Fig. 3 are curve diagrams 
regarding alkali metal vapor generations by comparing a 
conventional product with the alkali metal generator in Fig. 
1. Fig. 4a, Fig. 4b and Fig. 4c are, respectively, a curve 
diagram showing the reproducibility and weight ratio of the 
y filled reducing agent to all filled materials (Fig. 1) 

respectively in the vertical axis and the horizontal axis. 
Table 1 is a list comparing characteristics of various materials 
shown in Fig . 1 . 

Detailed description of the invention 

The present invention relates to alkali metal generators 
favorably used on photoelectric surfaces of image pick-up tubes, 
photoelectric tubes and others. 

Conventional alkali metal generating agents used in 
preparing photoelectric surfaces have been made by adding a 
single or a plurality of reducing agents to a single or a 
plurality of alkali metal salts to obtain a mixture, which is 
then appropriately pulverized. A single or a plurality of 
alkali metal salts are used depending on the type of the 
photoelectric surface concerned, Including chroma te, 
bichromate , tungstate or molyhdate combined with sodium, 
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potassium , cesium, lithium or rubidium. Silicon, zirconium, 
aluminum and boron are major known reducing agents used for this 
purpose. 

In preparing the photoelectric surface, a mixture in which 
a reducing agent and an alkali metal salt are formulated to give 
a weight ratio of 2 to 1 is filled into an electrically conductive 
metal container at a specified quantity to give an alkali metal 
generator, which is placed at a specified position of a tube 
where a photoelectric surface is formed. Then, at an 
appropriate time in the course of preparing the photoelectric 
surface, the metal container is heated through electrical 
conduction or high frequency induction heating, by which the 
alkali metal salt is allowed to react with the reducing agent 
to isolate an alkali metal. The thus-prepared alkali metal is 
able to move easily to a previously arranged photoelectric 
matrix surface, for example, an antimony film surface, by 
keeping at least a part of the outer periphery of the tube at 
an appropriate temperature, thus resulting in formation of a 
photoelectric surface through predetermined processes. 

The metal container is fabricated by making a thin 
conductive plate into a spiral shape to give a hollow body, 
giving spot welding to a polymerization end in the longitudinal 
direction of the hollow body to flatly crush the opening of the 
body. A space between the welded spots is used for isolating 
an alkali metal generated by the chemical reaction. It is 
necessary to operate the alkali metal generator at temperatures 
close to those causing an exothermic reaction and a great amount 
of gas generation or either of them in order to obtain a 
substantial quantity of alkali metals. 

For the purpose of preventing exothermic phenomena, 
tungsten has been added as a buffering agent, in addition to 
the silicon, aluminum or zirconium, or zirconium and others 
having a getter effect have been used as a reducing agent to 
prevent gas generation, or boron has been mixed together with 
a reducing agent and a buffering agent to lower the temperature. 

These phenomena will be discussed in greater detail. 



As mentioned above, an alkali metal salt combined with 
silicon, aluminum or zirconium to give an exothermic reaction, 
which is more severe particularly in reaction with silicon . Fig 
2 and Fig. 3 show a state of generation, in which a quantity 
of alkali metal generation is represented by the vertical axis 
and temperatures by the horizontal axis. It is apparent that 
all reactions take place very abruptly except for a combination 
of cesium chromate with zirconium. As a matter of course, these 
materials are mixed at a specified quantity in determination 
of the reaction. Except when zirconium and potassium chromate 
are added, it is impossible to control the reaction rate by 
adding tungsten powder as a buffering agent in an attempt to 
control such abrupt reactions. In preparing a photoelectric 
surface, it is quite an important factor to control reactions 
which cause isolation of alkali metals. More particularly, in 
the case of a multi-alkali photoelectric surface, it is 
necessary to provide a specified composition excellent in 
photoelectric conductivity when an alkali metal is allowed to 
deposit on an antimony film surface. However, it is extremely 
difficult to control this procedure when the reaction is intense 
Further, since deposition of cesium on a target, a secondary 
electron intensifier electrode and others may affect a shelf 
life or an image quality of the tube irrespective of the quantity 
thereof, controlling the reaction is critically important in 
attaining the objective. 

Further, as explained above, it is relatively easy to 
control the reaction in a mixture of zirconium with an alkali 
metal salt. However, since the mixture may explode, in a case 
where these dry substances are mixed, relatively coarse 
substances should be mixed slowly to prevent the possibility 
explosion, which may not provide a uniform mixture. Further, 
as coarse powders are used, the surface area of zirconium 
contributing to the reaction is made smaller, thus making it 
necessary to substantially increase a quantity of the mixture 
in order to generate the alkali metal at a specified quantity. 
Risk of explosion will be avoided when they are mixed as wet 
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substances, however, alkali metal salt is dissolved resulting 
in making the mixture unacceptable, or use of alcohol may change 
alkali metal salt due to minute moisture content contained in 
the alcohol and aggregation upon drying may affect the 
uniformity of the mixture. 

In the alkali metal generator, a preliminary heating step 
for reducing the previously described gas generation is 
provided. As shown in Table 1, any combination of the silicon 
or zirconium with the alkali metal salt will allow the 
generation to vary depending on the conditions thereof. 

Japanese Published Examined Patent Application No. 
S43-18642 proposed an alkali metal generator, with the purpose 
of increasing a quantity of an alkali metal generated from the 
alkali metal generator at low temperatures in a controlled 
manner. This described specific means for adding boron at a 
limited quantity to an alkali metal, reducing agent or tungsten 
powder. Since tungsten powder is a buffering agent, it may be 
difficult to control the reaction occurring inside the alkali 
metal generator if no buffering agent is used'. 

Table 1 shows characteristics of the alkali metal 
generating agent where silicon and zirconium are. used as a 
reducing agent. These agents do not, however, meet all the 
requirements. As explained previously, aluminum is also 
contained. Aluminum will generate an extremely large quantity 
of gas by an ordinary method, but scale-like aluminum will 
substantially reduce the gas generation. In any case, the use 
of aluminum must provide separately special steps. It has been 
confirmed that characteristics of aluminum other the 
above-description are similar to those of silicon and 
zirconium. 

Alkali metal generators in which a conventional reducing 
agent is used do not meet several requirements such as ease in 
controlling the reaction and that temperatures l9wer than those 
at which an exothermic reaction, a large quantity of gas 
generation or either of these must be maintained in order to 
obtain a substantial quantity of an alkali metal. Thus, these 
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alkali metal generators are in reality used at the sacrifice 
of any of their characteristics, partially contributing to 
deteriorated qualities in image pick-up tubes or photoelectric 
tubes or reduction in the generation yield. 

The present invention is to provide an alkali metal 
generator in which niobium is used as a reducing agent to remove 
the above-mentioned disadvantages . 

The alkali metal generator is made by mixing niobium powder 
with alkali metal salt powder to give a mixture, which is filled 
into a conductive metal container having a plural number of 
minute spaces as described above . In this instance, it has been 
found that a great effect is obtained in admixture of niobium 
with the mixture in a weight ratio from 1: 0.3 to 1: 10. More 
particularly, niobium will not provide an expected effect at 
a ratio of 1 : 0.3 due to a smaller quantity, whereas it may cause 
an intense exothermic reaction in the ratio of 1:10 or higher 
when the mixture is added to the alkali metal salts and heated. 
When potassium chromate is used as an alkali metal salt in the 
mixture, a preferable weight ratio of potassium chromate to 
niobium is 1: 0 . 1 to 1 : 8, and a particularly preferable weight 
ratio is 1: 0.3 to 1: 4. This is because a photoelectric tube 
in which these mixtures are used shows a yield of about 90 to 
100% when the niobium is contained at a weight ratio of potassium 
chromate to niobium from 1:0.1 to 1:8 and it shows a yield of 
about 100% particularly at a ratio of 1:0.3 to 1:4. Similarly, 
it has been demonstrated that, regarding the mixture of cesium 
chromate with niobium (ratio from 1:08 to 1 : 10) , preferable is 
a ratio from 1:05 to 1:3, whereas in the mixture of sodium 
chromate with niobium, preferable is a ratio from 1 : 01 to 1:10. 

Fig. 4a, Fig. 4b and Fig. 4c show the above states . As shown 
in Table 1, the alkali metal generator of the present invention 
is capable of isolating alkali metals by about 100°C lower 
temperatures and generating gas at a smaller quantity than 
conventional alkali metal generators, thus making it possible 
to provide easy control of the reaction without using a 
buffering agent. The reaction can be controlled more easily 
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in the alkali metal generator because generation of the alkali 
metals- is not affected by conditions of a preliminary heating 
step carried out prior to the above-mentioned procedure. 

These effects can be estimated by the fact that the alkali 
metal generator provides a photoelectric surface with about 70% 
than improvement in greater photoelectric sensitivity, as 
compared with that is produced by use of a conventional alkali 
metal generator. 

The mixture has a bulk density of 2.4g/crrr\ which is about 
2 times greater than that of a mixture of silicon with zirconium, 
thus making it possible to make the conductive metal container 
smaller. Greatly reduced gas generation is extremely 
advantageous in preparing the photoelectric surface, in 
conjunction with a smaller size of the container and lower 
temperatures at which alkali metals are generated. It should 
be also noted that the yield of isolated alkali metals has 
improved to a great extent- The reason for such improvement 
is not yet confirmed. However, it is estimated that the 
isolation is less frequently prevented by an intermediate which 
is considered to form through the reaction of niobium with the 
alkali metal salt. 

As explained above, the alkali metal generator of the 
present invention has substantially overcome all conventional 
disadvantages, although no buffering agent is used, thus making 
it possible not only to improve the image quality of image 
pick-up tubes and photoelectric tubes and extend their shelf 
life but also to improve the yield of these tubes. 

Next, embodiments of the present invention will be 
described . 
Embodiment 1 

A description is given about a head-on type photoelectric 
tube (Photomaltiplier***l) having an antimony/cesium 
photoelectric surface . Highly purified cesium chromate powder 
and potassium chromate powder are respectively mixed with 
niobium powder to give their mixtures, which are filled 
separately into a container. In the mixtures (70mg), the 
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composition ratio of a reducing agent to alkali metal salt is 
2:1 as explained above. 

The container is fabricated by making a relatively 
thin-walled conductive metal plate into a cross-sectioned 
spiral shape, and giving a spot welding to a polymerizat ion end 
in the longitudinal direction to obtain a hollow body. An axis 
of the body is curved at such a curvature as to fit along the 
circumference of the phase plate to be described later, one end 
of the body is flatly crushed to fill the the mixture of 70mg 
therein and the other end of the body is also flatly crushed 
to give the alkali metal generator. A conducting wire is fixed 
to the both ends so that electricity is turned on outside of 
the photoelectric tube. Spaces between the welded. spots can be 
used as vapor-generating pores 

Cesium and potassium generators are installed in the 
vicinity of the phase plate constituting one end surface of the 
outer periphery outside of the photoelectric tube. A system is 
hermetically sealed at one end of the outer periphery of the 
photoelectric tube opposed to the other end of the outer 
periphery, or the phase plate, and the conducting wires of the 
generator and antimony vapor source are connected with the wire 
implanted therein. Space of the generator and the antimony 
vapor source are allowed to face the phase plate and be 
positioned at similar intervals to each other. The secondary 
electron electrode and anode are positioned in a conventionally 
known manner at a place relatively close to the generator and 
the vapor source . 

In preparing the photoelectric surface, air inside the 
outer periphery is, first, suf ficiently discharged and then the 
antimony vapor source is heated at temperatures from 520°C to 
570°C, so that antimony film at an appropriate thickness can 
be coated on the phase plate. 

Thereafter, the alkali metal generator is preliminary 
heated. In this instance, the temperature is kept at about 
600°C for 5 minutes and further heated up to 900°C, and potassium 
is isolated from other generator under the same conditions to 
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allow the potassium to deposit on the antimony film for 
completing an antimony/ cesium photoelectric surface. 

The photoelectric surface is quite excellent in 
photoelectric sensitivity, namely, lOOpA/Lm, from which an ease 
in controlling the reaction is derived. More particularly, the 
photoelectric sensitivity is determined during production of 
the photoelectric surface, which can easily control the 
generation of alkali metals isolated from the generator, thus 
providing a photoelectric surface excellent in photoelectric 
conductivity. . As shown in Fig. 2 and Fig. 3, the alkali metal 
generator in which niobium is contained as a reducing agent 
shows an approximately linear increase in the generation of the 
isolated alkali metals and a greater gradient, providing an ease 
in controlling the reaction. 
Embodiment 2 

Next, an explanation will be made about an application of 
the alkali metal generator to an x-ray fluorescent intensifier 
tube having a multi-alkali photoelectric surface. Highly 
purified cesium chromate, sodium chromate and potassium 
chromate powders are respectively mixed with niobium powder to 
give their mixtures, which are individually filled into a 
container. In this instance, sodium chromate, potassium 
chromate and cesium chromate are filled at respective 
quantities of 250mg, 200mg and 250mg into a container described 
in Embodiment 1 to give alkali metal generators. A plurality 
of generators connected by each type are accommodated in an 
empty chamber connected to the outer periphery of the 
intensifier tube through fine tubes in an approximately linear 
fashion. In contrast, as is well known, the x-ray fluorescent 
intensifier tube is provided with a fluorescent surface at an 
end of a outer periphery, and an insulating plate is provided 
at an opposing site slightly apart from the end of the outer 
periphery to form a photoelectric surface. In forming the 
surface, prior to isolation of an alkali, metal from the 
generator, a preliminary heating is given at 350°C for 5 to 10 
minutes, then another heating is given to increase the 
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temperature up to 900°C to isolate the alkali metal, thereby 
completing a multi-photoelectric surface (multi-alkali 
photoelectric surface) . Although not described in Table 1, it 
has been confirmed that the photoelectric surface has an 
excellent photoelectric sensitivity of lOOioA/Lm, which may 
support an extreme ease in controlling the reaction in 
individual generator. These generator are also quite 
excellent in other characteristics as shown in Table 1. 

As explained above, the alkali metal generator of the 
present invention is a novel and extremely useful product, which 
is able to solve almost all the disadvantages of conventional 
counterparts even if no buffering agent is added. 
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What is Claimed is: 

l.'An alkali metal generator wherein a mixture of alkali 
metal salts with niobium is filled into an electrically 
conductive metal container. 

2 . An alkali metal generator wherein potassium chromate and 
niobium are mixed at a weight ratio of 1:0.4 to 1 : 8 in an 
electrically conductive metal container. 

3. An alkali metal generator wherein sodium chromate and 
niobium are mixed at a weight ratio of 1:0.1 to 1: 10 in an 
electrically conductive metal container. 
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Fig. 1 
Fig. 2 

Cs generation (mg) 
Temperature (°C) 
Fig. 3 

K generation 
Temperature (°C) 
Fig. 4(a) 

Reproducibility (conforming products/number of experiments x 
100) % 

Weight ratio of Nb/K 2 CrO< 
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